In a whole cell assay system with p-nitrophenyl phosphate as substrate, strains of Pseudomonas pseudomallei showed a two-peak pattern in pH activity curve of acid phosphatase, suggesting the presence of two enzyme components different in pH optimum (4.2 and 5.2). The component of 5.2 pH optimum was detected in the outer membrane fraction and the activity was resistant to heating at 70 C for 30 min. The other component of 4.2 pH optimum was heat-labile.
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SUMMARY:
In a whole cell assay system with p-nitrophenyl phosphate as substrate, strains of Pseudomonas pseudomallei showed a two-peak pattern in pH activity curve of acid phosphatase, suggesting the presence of two enzyme components different in pH optimum (4.2 and 5.2). The component of 5.2 pH optimum was detected in the outer membrane fraction and the activity was resistant to heating at 70 C for 30 min. The other component of 4.2 pH optimum was heat-labile.
No substantial difference was observed in the enzymatic activity between R and S type colonies.
INTRODUCTION
In the previous paper (1) Microorganisms: Five strains of P. pseudomallei were employed. They were NCTC 4845, 472/30, 466/31, 443/31 and DMS 0843. Their origins were described in the previous paper (1) together with the results of the biochemical tests for identification. The strains have been maintained at room temperature in stock medium; 1.0% Bacto casitone (Difco, Detroit, MI), 0.3% yeast extract (Difco), 0.5% NaCl, and 0.4% agar (Difco), with pH adjusted to 7.0 to 7.2.
Before use, they were subcultured on trypton glucose extract agar (Difco). A colony developed on the plate was transferred to 3 ml of nutrient broth (Difco). After 18 to 20 hr of incubation at 30 C, the broth culture was incubated on TGE agar with a cotton swab. The 18 to 20-hr growth was suspended in an appropriate amount of physiologic saline, and its optical density was adjusted to 1.0 or 2.0 with a Coleman spectrophotometer set at 420 nm. When needed, dilutions were prepared therefrom to get lower intensity of the enzymatic reactions suitable for spectrophotometric scale. Assay for nonspecific acid phosphatase activity: Nonspecific acid phosphatase activity was determined by a whole cell assay system consisting of 0.8 ml of a buffer, 0.1 ml of a bacterial suspension, and 0.1 ml of a substrate solution. As substrate, p-nitrophenyl phosphate was used; a fresh 0.2% solution prepared immediately before each experiment. Acetate buffer solutions ranging from pH 3.2 to 6.22 in 0.1 M were prepared. For pH 6.5 buffer solution, 1.16 g of maleic acid was dissolved in 40 ml of distilled water and 4% NaOH was added to make its pH to 6.5. Then, the total volume was made up to 100 ml with distilled water. Neutral and alkaline buffer solutions ranging from pH 7.0 to 10.2 were prepared as 0.1 M Tris-HC1 buffer. The reaction mixture was incubated in a water bath at 40 C for 30 min. To stop the reaction and develop the yellow color of released p-nitrophenol, 1.0 ml of 0.5 N NaOH and 1.0 ml of distilled water were added to the mixture. After centrifugation at 1,000 rpm for 10 min, the clear supernatant of each reaction mixture was subjected to colorimetric determination with a Coleman spectrophotometer set at 420 nm. To the blank tube, was added NaOH at zero time.
RESULTS
pH Activity Patterns o f Nonspecific Phosphatase in the Whole Celt Assay System Four strains of P. pseudomallei were subjected to the tests of pH-dependency in their nonspecific phosphatase activity. The results are shown in Fig, 1 . In the pH range from 3 to 9, the activity curves were usually of two-peak patterns, in which peaks or shoulders were present at around pH 4 and 5. The differences in their peak level were not always constant, the peak at pH 5.0 being higher in most instances but reverse in other cases. This was true even in two independent experiments with the same strains in the identically set conditions (443/31 and NCTC 4845 in Fig. 1 ).
Changes in Acid Phosphatase Activity in Relation to Age of Culture pseudomallei. Arrows show the location of peak or shoulder in the curve (the sites of pH optimum). The general intensity of reaction became lower during the course of 10-day culture without changing the two-peak pattern of the pH-dependency. During this period, viable counts decreased concomitantly by nearly a 2-log level.
Heat-effects on Phosphatase Activities
Seven tubes of a cell suspension in physiologic saline were prepared from a plate culture of strain NCTC 4845, and they were placed in water baths kept at 40, 50, 60, 70, 80, 90, and 100 C for 30 min, respectively. After termination of heating, the tubes were transferred to ice-water cool immediately. The pattern of phosphatase activity was then compared among these heated samples. The results are shown in Fig. 3 . Heat-effects were manifested responding faithfully to the level of temperature.
The most remarkable observation is that the enzymatic activities in the lower pH range from 3 to 4.5 were more heat-sensitive than those in the higher pH range. The samples heated at 50 C or over for 30 min showed a typical one-peak pattern of pH activity curve with pH optimum around 5.2. This observation suggests that P. pseudomallei has two enzyme components at least, one being heat-labile and the other heat-resistant. The pH optimum of the former is around 4.2 and that of the latter is around 5.2. Therefore, the phosphatase activity as revealed in the whole cell assay system may be interpreted as the combination of these two components. The viabilities of these heated bacterial suspensions were also checked concomitantly. The results indicated that heating at 70 C for 30 min could sterilize the cell suspension of P. pseudomallei.
Acid Phosphatase Activities of Outer Membrane Fraction
On an assumption that the heat-resistant component of acid phosphatase is probably associated with the cell-surface region, an attempt was undertaken to isolate outer membrane fractions from each of the four strains.
In order to avoid biohazard due to this pathogenic species as classified to P3, the harvested cells were heat-killed at 70 C for 20 min before the start of preparation procedure. The outer membrane preparation from each strain was subjected to the test of enzymatic activity with an amount of 100 pg protein (bovine serum albumin as standard). The results are shown in Fig. 4 . Here, a clear one-peak pattern of pH dependency was obtained in all of the four strains. The shape of curve was symmetric and sharp with pH optimum at 5.2.
Comparison of Acid Phosphatase Activity between S-form and R-form
Cultures o f P, pseudomallei Rough (R)-form colonies were often obtained in aged culture of P.
pseudomallei. R-form is due to the change in the surface structure of gramnegative bacteria, mainly the shorter chain length of polysaccharide moiety of endotoxin extruding from the outer membrane. In this regard, the following experiment was undertaken. R colony was dissociated from the parent S-form 
DISCUSSION
The present study is a direct extension of our previous report demonstrating that P. pseudomallei has the strongest activity of nonspecific acid phosphatase among the species of pseudomonads so far tested (1 The presence of more than one acid phosphatase has ever been reported in other species of bacteria; Salmonella typhimurium (6,7) and Escherichia coli (8, 9) .
In these cases, however, substrate specificity was the main basis of differentiation, for example for hexose phosphate, cyclic phosphodiesters for specific phosphatase, and p-nitrophenyl phosphate for nonspecific phosphatase activity.
In our present study, such nonspecific acid phosphatase was further divided into two components different each other in pH optimum and heat-stability.
Though the physiological significance of this enzymatic activity is still unclear, one possibility may be that these two fractions represent different biosynthetic stages of the single species of enzyme. As demonstrated in Schizosaccharomyces pombe (10) and Leishmania tropica (11), the cell-surface acid phosphatase is usually a glycoprotein.
It's precursor is produced as an unglycosylated form, and then partially glycosylated intracellularly. The fully glycosylated form as the mature enzyme is localized mainly in the cell-surface region and some is then secreted into the growth medium.
In view of such information, an attempt is now undertaken by us to examine our prediction that the heat-stable component of acid phosphatase of P.
pseudomallei is also glycoproteins and the heat-labile one is non-or poorly glycosylated proteins. In this regard, it might be suggestive to cite a notion that proteins become heat-stable when they are glycosylated (12) . In a preliminary trial, we have found that the culture filtrate of P.
pseudomallei contains a large amount of glycoproteins of various molecular weights, and that the indirect immunofluorescent microscopy with rabbit and guinea pig antisera against such glycoproteins can stain clearly the bacilli in the pathological specimens of melioidosis patients (to be published).
The genetical background of nonspecific acid phosphatase is quite obscure in P. pseudomallei. However, the bacterial genes for this enzymatic activity were studied in Salmonella typhimurium by Kier, Weppelman and Ames (2), and mapped in two unlinked loci, pho P and pho N, assuming that pho P is the regulator gene and pho N is the structure gene for the enzyme. In a more recent study by Miller and Mekalanos (13) , the regulator gene was found to be a twocomponent system consisting of pho P and pho Q, the former being transcriptional activator and the latter for sensor kinase. The regulator gene activates the expression of the genes of pag loci, in which the locus for nonspecific acid phosphatase (pag N) and the one needed for the survival within macrophages are included. Furthermore, sequences homologous to pho P have been reported in several gram-negative species and Saccharomyces cerevisiae (4). It was stated by these authors (4) that S. typhimurium is a highly adapted microorganism that can respond to a changing environment by modifying the repertoire of expressed genes. It is likely that pho P or pho P pho Q system can sense the changes in the environments such as the phagolysosomal space so that the intracellular parasites can survive there.
Our accompanying paper (14) 
